The traditional permanent magnet synchronous motor (PMSM) control system uses a mechanical sensor to detect the speed of the motor and the position of the rotor，the sensor is susceptible to the environment and reduces the reliability of the system.This paper uses a model reference adaptive system (MRAS) instead of a mechanical sensor to estimate the speed of the motor and the position of the rotor.Taking the mathematical model of the three-phase permanent magnet synchronous motor as a reference model,taking the motor speed as the identification parameter to establish an adjustable model,the reference adaptive law is determined according to Popov's hyperstability theorem.The speed controller of the control system adopts sliding mode control (SMC) based on integral sliding surface and exponential reaching law.The simulation results show that the sliding speed control system based on MRAS for permanent magnet synchronous motor can realize the estimation of the motor speed and rotor position, which can guarantee the good dynamic quality of the speed control system.
Introduction
The traditional permanent magnet synchronous motor control system uses a mechanical sensor to detect the speed of the motor and the position of the rotor.The commonly used mechanical sensors increase the volume of the system and the rotary inertia of the rotor, increase system cost, and reduce system reliability [1] .Without speed and position sensor technology becomes more and more important.Commonly used methods include estimation methods based on various observers, model reference adaptation, high-frequency signal injection methods, and artificial intelligence estimation methods [2] .The observer-based estimation method needs to reconstruct a system, and the input is a measurable variable of the original system. When a certain condition is reached, the output is equivalent to the original system state.Among them, the Full-order State Observer is greatly affected by changes in motor parameters,Sliding Mode Observer causes jitter in the system due to the discontinuity of sliding mode variable structure control,Extended Kalman Filter algorithm is complex and computationally intensive.The high-frequency signal injection method uses the spatial salient pole effect of the motor, but the surface-mounted permanent magnet synchronous motor has no salient pole effect and the control effect is general.The Model Reference Adaptive method is simple in structure and can guarantee the asymptotic convergence of parameter estimation. Due to the closed-loop observation model, the estimation accuracy is high and the anti-interference is strong.
Sliding Mode Control is a kind of special nonlinear control strategy,due to its simple controller design, fast response and strong robustness to parameter variations and external disturbances, it is widely used
surface can effective eliminate steady-state error.An exponential approach law is used to suppress the inherent buffeting of sliding mode control.The simulation results show that the controller has fast response speed, high precision, strong robustness, and can ensure good speed regulation performance of the system.
Mathmatical Model of Permanent Magnet Synchronous Motor
Since there is no problem with asynchronous motor slip,the vector control of the three-phase permanent magnet synchronous motor is more convenient to implement. is more suitable for the surface mount type three-phase permanent magnet synchronous motor in this paper.In order to facilitate the design of the controller, the mathematical model of the synchronous rotation coordinate system is selected, and the stator voltage equation can be express--ed as (1) .
In [4] .
Sliding-Mode Speed Controller Design
Sliding mode control is a kind of variable structure control system.The essential difference with conventional control is the discontinuity of control.The structure of the system presents the switching characteristics over time, that is, the structure of the control system makes small amplitude and high frequency switching movement according to the preset state trajectory [5] .This kind of motion can be designed, and it is not affected by the system parameters and disturbances,making the system has a good robustness.
State variables of three-phase permanent magnet synchronous motor.
r  is the artificially set motor reference speed; m  is the actual speed of the motor.Derivative with respect to (2) .
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The introduction of the integral term of the velocity error in the conventional sliding surface can improve the speed adjustment accuracy and ensure the robustness of the system.The sliding mode surface s is (4).
Taking the derivative of the derivative (5).
In order to ensure good dynamic quality, the exponential reaching law is used [6] .
The reference current of 1 axis can be obtained from 5 and 6, which is 2.
Easy to prove 0  s s ，The system is asymptotically stable under the action of sliding mode speed controller.
Position Sensorless Control Method for Permanent Magnet Synchronous Motor Based on MRAs
The model reference adaptive system consists of a reference model with no unknown parameters and an adjustable model with parameters to be estimated. There is a difference in the outputs of the two models, but the physical meaning is the same. In the process of the adaptive law of parameters makes the generalized error of the two models approach zero, the estimated parameters of the adjustable model will converge to the actual values of the reference model. There are three ways to establish a parameter adaptive law [7] .Comprehensive comparison of the three methods，This paper adopts the design method based on the theory of super-stability and positive dynamic system [8] .
Determination of Reference Model and Adjustable Model
By sort out (2) can obtain the current equation form of the three-phase permanent magnet synchronous motor.
The state space expression after the equivalent transformation of (8) is made by reference (9) is (10).
Namely
Where p is a differential operator,and dt
Change formula (10) to estimate form. (9)is(14).
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The stability of the system must satisfy two conditions of the Popov's hyperstability theorem [9] .
①The linear time-invariant link is a strictly positive definite matrix.
is any finite positive number.
In order to prove the two conditions, formula (14) is rewritten as follows.
In formula (15)
. It is easy to prove that
is a strictly positive definite matrix, The inverse solution to the popov integral inequality can obtain the adaptive law,Sub--stituting V ，W into the inequality of the second condition of Popov's hyperstability theorem. 
.You can get the following two formulas.
Combined with (19),we can use inequality (21) to get (22).
At the same time
.The inequality of the second condition of the Popov super-stability theorem is workable.In turn, it can prove that the formula for the proportional integral of e  is workable. 
The estimated value of rotor position is obtained by integrating the estimation of motor speed.
Simulation Verification
The Figure 1 . Fig.1 Simulation model of sliding mode speed control system for permanent magnet synchronous motor based on MRAS The reference speed is 600r/min, the starting load is 5N, and the load becomes 10N at 0.2s.The velocity diagram of the motor under the action of the sliding mode speed controller when there is a position speed sensor is shown in FIG. 2 .As can be seen from the figure, under the action of the sliding mode speed controller, the motor rotation speed is almost free of overshoot, the response is fast, and the load disturbance can be well suppressed and quickly return to a stable state.
All the conditions are unchanged, and the MRAS is substituted for the position speed sensor. The speed diagram of the motor under the action of the sliding mode speed controller is shown in figure  3 .The error between the actual speed and the estimated speed is shown in Fig. 4 . The actual position angle and the estimated position angle are shown in Fig. 5 . As can be seen from figure 3 and figure 4 , the actual value of the motor speed is basically coincident with the estimated value at 0.05 s, and the error is almost zero.When the load changes at 0.2s, under the action of the sliding mode speed controller, the motor speed can be rapidly tuned back to coincide with the estimated speed again.It can be seen from figure 5 that the actual position Angle and the estimated position Angle of the rotor can also reach the basic no-error.
Conclusion
For the issues that mechanical sensors are susceptible to environmental impact and reducing system reliability.This paper designs a control system based on MRAS for permanent magnet synchronous motor without position and speed sensor and adopts sliding mode speed controller to adjust speed.Simulation experiments verify that SMC has fast response, small overshoot, and strong anti-interference ability.It also verified that MRAS can effectively detect the motor speed and rotor position angle.The whole system can realize the control of permanent magnet synchronous motor when there is no speed and position sensor.
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